The results of investigation of radioactive contamination of the river Yenisei bed pebbles in an influence zone of the KMCC (especially in its near-field part) are presented in this work. It is demonstrated, that pebbles can contain up to 30 % of the total amount of -emitting technogenic radionuclides (TRN) in the places with overlying soils. In addition, river bed pebbles, situated in permanently washing riverside sections of islands and banks, can contain significant amount of TRN too. These facts considerably increase an estimation of TRN reserves in the Yenisei floodplain. Without the contribution of the river bed pebbles the fraction of TRN, accumulated in the underlying and tow path pebbles in the near and far-field influence zones of the KMCC, can reach 7,9% for 137 Cs, 5,8% for 152 Eu, 5,6% for 154 Eu and <3% for 60 Co of their total amount.
INTRODUCTION
The main radioactive contamination of the river Yenisei floodplain is bound up with activity of the Krasnoyarsk mining and chemical combine (KMCC) . Numerous data on contamination of the Yenisei floodplain by -, -and -emitting TRN concern water, alluvial soils of islands and right-hand riverbank, bottom sediments presented by sandy and sandy-argillaceous structures, aqueous and surface plants, fishes [1] [2] [3] [4] [5] [6] . Now the main dose generating -emitting TRN are long-living isotopes 137 CS, 152 Eu, 154 Eu and 60 Co. At the moment there is no sufficient information on presence of the TRN in river pebbles and especially in its fines. The possibility of radioactive contamination of the river bed pebbles, including those underlying alluvial soils and bottom sediments, practically is not taken into account. Moreover, it is considered, that they are not contaminated by TRN because of their transit properties in relation to sandy and sandy-argillaceous bottom sediments [7] . However, still it was noticed by Nosov, etc [1] , total activity of all TRN in the river pebbles in the near-field influence zone of the KMCC had not exceeded 40 kBq/m 2 . And it was associated basically with presence of benthos. The first information about presence of the TRN in the fines of pebbles, underlying alluvial soils on Atamanovsky island (6 km downstream from a point of KMCC discharge), was done by Sukhorukov, etc. [5, 6] . The study of an alluvial soil profile spent in this work has shown that pebbles underlay soil on depth more than 40 cm. 137 Cs, 152 Eu and 60 Co were detected in pebble fines and activity of 137 Cs did not decrease with pebble occurrence depth.
The purpose of the present work is to estimate the contribution of underlying and river bed pebbles in the total contamination of the river Yenisei floodplain and its dependence on the distance from the point of the KMCC contaminated waters discharge.
OBJECTS, SAMPLING AND METHODS
The underlying, tow path and river bed pebbles of the river Yenisei can be divided conventionally on two components. The great bulk (more than 85%) of them is presented as rounded pieces of rocks of sufficiently large size: cobblestones (64-256 mm) and pebbles exactly (2-64 mm). As a rule, the whole space between large pieces is filled up by fine-dispersed material: sand (0,0625-2 mm), silt (0,002-0,0625 mm) and clay (<0, 002 mm). This fine-dispersed material is termed as pebble fines. By its composition the pebble fines is close to alluvial soils and bottom sediments of the floodplain of the river Yenisei. Just as soils and bottom sediments, situated in the influence zone of the KMCC, the pebble fines here can be polluted by TRN too. For this reason the pebble fines is the basic subject of this study.
To estimate the contribution of fines of underlying, tow path and river bed pebbles to the total contamination of the floodplain of the river Yenisei the sampling has been carried out in 7 points on different distances from the discharge of the KMCC (Fig. 1, Table 1 ). All soil-pebbles and pebbles profiles chosen for study are typical for the specified territories.
Sampling procedure
Soils were sampling in layers on full depth of vertical soil profiles. To obtain a sample of the fixed volume the sampling was carried out by a steel ring 8,2 cm in diameter and 5 cm in height. Then the soil samples were packed and conveyed to laboratory where they were dried and prepared for measurement [6] .
Procedure of a pebble fines sampling was consisted in the following. Material of pebbles was taken in layers from the preliminarily cleared area of a known square. Pebbles were washed out in large volume of Yenisei water. In a wet condition it was sifted through a 2 mm sift. Washed off cobbles and pebbles were moved away. The fine fraction was settled for 24 hours. Then water was cautiously poured out, the residual sample was packed and conveyed to laboratory where after drying and preparation all it volume was measured to determine activities of the gamma-emitting TRN.
Analytical methods
Determination of the -emitting TRN in soil and pebble fines samples was carried out by semi-conductor -spectrometry with use of HPGe and Ge (Li) coaxial detectors. Limits of detection of this method 
RESULTS AND DISCUSSION

TRN in soils and underlying pebbles
Diagrams of the -emitting TRN distribution in vertical soil-underlying pebbles profiles for islands and right bank of the near-field influence zone of the KMCC are presented on the Fig. 2 , for islands of the far-field zone -on the Fig. 3 . Curves shapes underline some characteristic features of spatial distribution of the -emitting TRN in alluvial soils the Yenisei floodplain. The basic tendencies here are reduction of radioactive contamination density and increase of 137 Cs contribution to the total contamination of alluvial soils by moving away from the discharge point of the KMCC [1, 6] . It is necessary to draw attention to the extremely non-uniform distribution of the TRN in all studied profiles. On this background the behavior of natural 40 K has much more uniform character. It indicates the similarity of mineral composition of soils lying down on different horizons.
The contaminated alluvial soils of the near-field influence zone of the KMCC (Fig. 2) are characterised by considerable content of the main dose generating -emitting TRN in all layers of the studied soil profiles down to the underlying pebbles. This fact says that these soils here have been generated in the period of the KMCC activity. The contribution of europium isotopes ( 152 Eu and 154 Eu) to the total contamination in the studied soil profiles varies from dominating (Fig. 2a) to considerable (Table 1) : a) Ust'-Tungusskii island (point 6, E-329 and E-332); b) Cheriomuhovyi island (point 5, E-325). (Figs. 2b-d) . The last three soil profiles are characterised by considerable contribution of 137 Cs which essentially increases in the lower layers of the soils laying directly on the underlying pebbles or locating close to them.
Contamination of alluvial soils of islands in the far-field influence zone of the KMCC by -emitting TRN has different character (Fig. 3) . Here dominating is 137 Cs. On island Cheriomuhovyi (Fig. 3b ) radioactive contamination is observed across the whole soil profile down to the underlying pebbles. Besides the main dose generating radionuclide 137 Cs isotopes 152 Eu and 60 Co are presented here at significant and 154 Eu in minor quantities. It is obvious, that soils here have been generated after the beginning of operation of the KMCC too. The Ust-Tungusskii island is situated in 6 km downstream from island Cheriomuhovyi after Angara inflow to the Yenisei river. The Angara stream moves the Yenisei waters to the left riverside. Only 137 Cs and trace quantities of 152 Eu are present in the soil profile selected on the Ust-Tungusskii island (E-329 and E-332, Fig. 3a) . Practically all activity of 137 Cs is concentrated in the upper soil horizons (30-35 cm). It decreases dramatically below (35-55 cm) and tends to background values in the horizons laying directly on the underlying pebbles. Such character of the TRN distribution directly specifies that the lower horizons of alluvial soils here have been formed prior to the beginning of the KMCC activity. Except for E-329-E-332 profile (Fig. 3a) where the upper layer of the pebbles, as well as the lower horizons of soil, is not contaminated by the TRN. Contamination of the pebble fines by the TPN is observed on the full studied depth of the pebbles (25-35 cm). In all profiles it does not approach to background values though the trend of a decrease of its level from upper horizons of the pebbles to the lower one is obviously observed. The important characteristic of radioactive contamination of the pebble fines is the dominance of 137 Cs. It is observed in all studied profiles, even where Eu isotopes (Fig. 2) are dominating in soils.
The data submitted in Table 2 , show, that the fine-dispersed fraction of the pebble fines (< 0.01 mm) from Beriozovyi island, presented basically by clay minerals, is considerably enriched by TRN in comparison with its other part. So, specific activity of the fine fraction is more than 2 times higher for 137 Cs, 152 Eu and 154 Eu.
TRN in tow path and river bed pebbles
In points 2 and 7 ( Table 1 ) the study of the -emitting TRN distribution in fines of the upper horizons of the tow path pebbles of the Yenisei left-hand riverside was carried out. The results are given in the Table 2 . It is obvious, that in the near-field influence zone of the KMCC (point 2, profile E-201) only 137 Cs is presented (7 Bq/kg) in pebble fines. This level corresponds to a global background and indicates on the absence of the radioactive contamination of the left-hand riverside in the near-field zone. In the far-field influence zone (point 7, profile E 07 -302) higher activity of 137 Cs and presence of 60 Co are observed in the fines of the tow path pebbles. It denotes presence of radioactive contamination of the left-hand riverside connected with the movement of the Yenisei waters to the left-hand by Angara.
In the near-field influence zone of the KMCC the main river bed pebbles were studied too. As the tow path pebbles they also are uncovered by soils. Four profiles (E 08 -341, E 08 -339, E 08 -338, E 08 -337, point 3, Table 1 ) have been sampled in 2008 in the head of the island Beriozovyi at extremely low water level in Yenisei on distances of 3, 12, 20, 50 m from a river bank line accordingly. In normal conditions these pebbles are covered by water and washed out by the stream of Yenisei. The results of TRN determination in fines of these pebbles are presented in Table 3 . It is evidence, that the river bed pebbles in these profiles are contaminated by TRN on the full studied depth as well as the pebbles on the banks covered by soils. Distinctive feature here is the considerable contribution of Eu isotopes to the general contamination, comparable with the contribution of 137 Cs. 
TRN storages in the Yenisei pebbles
Taking into account the presence of significant amount of TRN in the fines of the underlying, river bed and tow path pebbles leads to revaluation of their storage deposited in alluvial formations of Yenisei in the influence zone of KMCC towards increase. For example, on the island Beriozovyi (point 3, profile E 07 -295, 60 Co of their total storage in this point are concentrated in the pebble fines. The same it is possible to observe in the pebbles of the island Atamanovskii (point 1, E-116, Table 1 ) where a fraction of 137 Cs in its total amount in the soil-underlying pebbles system is equal to the value of ∼30%. Some estimations show, that without the contribution of the river bad pebbles the fraction of TRN, accumulated in the underlying and tow path pebbles in the near-field and far-field influence zones of the KMCC, can reach 7,9% for 137 Cs, 5,8% for 152 Eu, 5,6% for 154 Eu and <3% for 60 Co.
